Abstract-In this paper, a new method of change detection and identification of forest area is proposed. It is based on local mutual information and image thresholding. In order to identify the forest change area, the image of local mutual information were thresholded using three different threshold value, i.e -0.5, 0 and 0.5. The result is a binary change image. Our result shows that the best threshold value of local mutual information is 0. It has been shown that by using this method, the problem on selecting the threshold value can be solved. This method is simple and suitable to be used to detect the changes area even for the images taken from different modality. 
I. INTRODUCTION
ALAYSIA is very fortunate to be well endowed with relatively large tract of rich and diverse tropical rain forest which has been acknowledged to be amongst the most complex ecosystem in the world. The total forested area in Malaysia as at the end of 1995 was estimated to be 18.91 million hectares of 57.5% of the total land area [1] . The monitoring of forest cover is essential in providing forest managers with data they need to access forest health and productivity, formulate policy decisions and generate management plans. There are many of forest change detection techniques have been developed. These include image differencing and principal component analysis [2, 3, 4, 5] , normalized differenced vegetation index (NDVI) [6, 7, 8, 9, 10, 11, 12] , image classification which are unsupervised and supervised [10, 2] , delta classification [13, 14, 15] and image rationing [16, 17, 14] . All these techniques have their advantages and disadvantages. Image differencing is probably the most widely applied change algorithm for a variety of graphic environments [18] technique is simple, straightforward, and easy to interpret the result method, but it cannot provide a detailed change matrix and it requires the selection of threshold value. For the principal component analysis (PCA), the weakness of the technique is that changes of interest covered only a minor part of all intensity value variation and changes occurred in the minor components, including the noise in the data. The normalized differenced vegetation index (NDVI) presents the amount of photosynthesizing vegetation. The greater the amount, the brighter the pixel. The NDVI emphasizes differences in spectral response of different features and reduced impacts of topographic effects and illumination. The most popular technique that has been used to detect the change area in forest is image classifications which are unsupervised and supervised. Unsupervised classification has few disadvantage in that analyst has little control over image classes. Therefore, the process on making intercomparison of data becomes difficult. Besides, spectral properties keep on changing over time, therefore the relationship between spectral response and information class are not constant and detailed spectral knowledge of surface may be necessary [19] . In supervised classification, the identity and location of some of the land cover types such as urban, agriculture, or wetland are known prior through a combination of fieldwork, analysis or aerial photography, maps and personal experience [20] . Delta classification or known as ‗post classification comparison' can minimizing the problem of radiometric calibration between two dates of imagery, but the accuracy is totally dependent on the accuracy of the initial classification. Image rationing is one of the simples and quickest change detection method. Data are rationed on a pixel by pixel basis. However, it requires the selection of threshold values. This paper presents a new method of change detection and identification where the change area can be detected by using a local similarity measure based on mutual information. Mutual information is normally used in global to find the similarity between two images. However, it also can be used locally to detect changes of every pixel in the images. This paper is divided into five sections. Section 2 presents our change detection and identification method. Section 3 presents the study area and the imagery used. Section 4 presents the results and discussion. Finally, we draw our conclusions in section 5. It was used to detect landslides with the huge extent. Point similarity measure is defined as a measure which is used to calculate the similarity of individual pixels. The basic idea of the proposed method is that any change pixel will be maximally dissimilar, i.e. the value of similarity of these pixels will be low. Instead of just detecting the huge amount of changes, the method will be modified to detect any changes which are considered as having significant changes. Point similarity based on mutual information was also used by Rojelj et. al.
Change Detection using a Local Similarity Measure
[22] as a way of measuring similarity when registering two medical images. The mutual information of the two images over their overlapping part was computed using: Note that the final summation is taken over the spatial image coordinates instead of intensities. Therefore, global similarity can be treated as an average of point similarities: defined for each pixel at coordinate c:
We begin by calculating the point similarity of a pixel in every coordinate in the image. Thus, every pixel c is represented by its value of mutual information. The local mutual information of the image is then threshold in order to detect the change area.
III. STUDY AREA AND IMAGERY USED

A. Study Area
The proposed change detection algorithm has been applied to detect changes in forest area at Shah Alam, Selangor. Figure 1 shows 
B. Image pre-processing
The images are taken from the Malaysian Centre for Remote Sensing (MACRES). All of the images are already geo-coded and co-registered. However, before performing a change detection method, the images need to be pre-processed. The image taken from IKONOS has 1.0 meter resolution while the SPOT image is 2.5 meter resolution. Because of the different in the spatial resolution of the satellite image, the image needs to be resampled.
Image taken from the SPOT with the resolution of 2.5 meter is used as the reference image. The IKONOS images with the resolution of 1.0 meter were resample to 2.5 meter to become the same resolution with SPOT image. The nearest neighbour interpolation method was used in this study. It determines the grey level value from the closest pixel to the specified input coordinates, and assigns the value to the output coordinates. This method does not alter the grey level value and also considered the most efficient method in terms of computation time. There are three different bands available in this satellite images; red, green and blue. In this study, image with the high contrast value will be used. In order to increase the efficiency of the image interpretation and reduce the number of data for analysis, all reflectance information from different satellite bands are combined by using a Principal Component Analysis (PCA). As a result, images with the high contrast taken from the first principal component were used for the experiment. These images are shown in figure 2 . 
IV. RESULTS AND DISCUSSION
Histogram distribution of local mutual information of the study area is shown in figure 3 . In order to identify the changes in forest area, the image of local mutual information was thresholded using three different threshold values. The threshold value of -0.5 was first chosen. It means that, the pixel which contained the value of local mutual information greater than -0.5 were eliminated. The thresholded image for this threshold value is shown in figure 4(a) . The change areas are represented by the white pixels in this figure.
From this figure, we can see that some of the change areas were not detected. The threshold value was then increased to 0. It means that, the pixel which contained the value of local mutual information greater than 0 were eliminated. The result is shown in figure 4(b) . From the figure, we can see that more change areas can be detected. Figure 4(c) shows the result of the thresholded image when the value of threshold was increased to 0.5. It means that, the pixel which contained the value of local mutual information lower than 0.5 were eliminated. From the figure, we can see that the changes in the path area can't be detected. From this analysis, we found that, in order to identify the change area, selections of threshold value of local mutual information value are very important. p may have very high frequencies, but they do not occur together. This is due to high dissimilarity of the pixel at coordinate c in image A and B. Thus, based on this definition and the results taken from our exploratory run on the threshold value, the local mutual information images are threshold as bellow:
where G(c) is the binary value of the pixel at coordinate c in the threshold image. The white pixels in a binary image represented the changes area in the thresholded image.
V. CONCLUSION
In this paper, a simple method of change detection and identification using a local similarity measure based on mutual information and image thresholding has been presented. Since mutual information is used as a measure of similarity, this method can be used to detect changes even from different modality images. We demonstrated that this method can be used to detect changes in forest area. We found that the best selection of the threshold is at threshold value of 0. This is due to the properties of mutual information itself. However, simple thresholding is not sufficient to identify the true changes. There were some undesirable change blobs detected. Therefore, the image filtering method such as median filter will be used to eliminate any noise in the thresholded image in future study. From the experiment, we found that this method might solve the problem on selecting the threshold value. In future study, the capability of this method in solving the selection of the threshold value will be compared with other change detection technique such as image differencing.
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